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SUB-NANOSECOND JITTER, REPETITIVE IMPULSE GENERATORS
FOR RICH RELIABILITY APPLICATIONS

G. J. Krausse and W. J.

Sarjeant

Los Alamos National Laboratory
Los Alamos, New Mexico 87545

ABSTRACT

Low jitter, high reliabilitv impulse generator development has recently
become of ever Increasing importance for developing nuclear physics and weapons

applications.

This paper describes the research and development of very low

jitter (<30 ps), multikilevolt generators for high reliability, minimum main-
tenance trigger applications utilizing a new class of high-pressure tetrode

thyratrons now commercially available.

The overall syatem design philosophy

will be described followed by a detailed analvsis of the subsystem component

elements.

A multi-variable expcrimental analvais of this new tetrode thvratron

was undertaken, in a low-inductance configuration, as a function of externally

available parameters.

For specific thvratron trigrer conditions, rise times of
18 ns into 6.0-2 loads vere achieved at jitters as low as 24 ps.

Using this

database, an Integrated trigper generator system with solid-state froni-end will

be demcribed in some detail.

Introduction

There sre & number of emerging applications for
verv low jitter repetitive impulme generators, particu-
larly in the nuclear particle phvsics fields. This
paper deacribes the development of an integrated jvstem
for these high reliabilicy upplicltions.I The impulse
generator was to serve as “he Master Trigger Generator
(MTC) for @ large neutrino detector installation at the
Mesun Phveics Faciliry of the Los Alamos National Lab-
oratory Specifically, the MTG was denigned to drive
the high-vcltage pulser illustrared in Fig. 1. The
neutrine detector Is deszribed in deiail elsewhere.'’
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A block diagram of the MTG is illumtrazed in Fig. 2.
For fastest switching times and minimum jitter, the
ayvatem wvan designed around s nev nigh-pressure tetrode
thyratron, requiring a detailed ana‘vein of the thyvia-
tron before design of the prerequisite tripger and
energy storage subsyatems could be unceitaken.

Thyratron Characterieat.on

The thyratron switch uned to discharpe the encrgy
atorage system elementa into “he J-0 load {4 itself a
time-varying component as fts .ime-varying fnductance
and resistance limit the rise time to =20 ns, edequate
for the present application, 1In order to minimize
svitching time, delay time, and jitter, 2 detailed
study of the thyratron commutation characterintica was
undertaken fcr a 3-N load resistance and the denipn
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value energv storage capacity of 0.24 uF, charged to

3 kV using the HY-B8 an a switch. As previous wvork had
shown that little performance improvement was achieved
for trigrer voltages in excess of 2 k', it was possible
then to utilise a very hi;h-lpeod thvristor driver for
minimum commutation time. The basic test circuit was
somevhat nimplified from the complete trigper gencrator
shown in Pig. 3. Note that the bias and auxiliary mup-
plice are decoupled from the thvratron during commuta-
tion by 2=mH rf chokea and that the trigger pulre [n
aprlied directly to G2 via C17. This configuration
mininizes switching times by ¢liminating the leading-
edge rine time degradation uaually seen when a pulse
transformer is used.

In the inictial study using the HY-8 tetrode thyra-
tron, it wan clearly demonstrated that the forvard bias
on the lower grid greatly reduced the normal garid mpike
as a remult of the low impedance in the pre-ionired
grid-cathode area. A representative grid trigrer pulse
in shown in Fig. &4 with and without the tube in circuft.
Note the very rapid voltage risetime. The time hintoery
of tne grid dynamic impedance {s illuntrated in Fip. 3.
During commutation the impedance falla to a minimum of
O fl, 1llustrating the need for a low trigger source
impcdance wher fast awitching in deaired, am thown in
Fig. 6. Throughout the trigper source impedance ranpe
of 10 ki down to 3 1, the jitrer and propagation delay
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times changed very little while the current rise time
decreased by almost 40%.
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In varying the trigger pulse rimne time from 10 to
100 na, the dvnamics of the thyratron turn-on are sig-
nificantly affected as 1llustrated in Fig. 7. The major
change was found in decreasing delay time as the rise
time decreased. This is a result of the linear increane
in the growth rate of the trigrer plasma. To meet the
deluy time specification for the system, the voltage
rise time was sat to be between 20 and 30 ns, Using
the larger of the two, the changer in jitter and delay
time with trigger voltage amplitude were evaluated and
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the resultr illuntrated in Fig., 8. As the trigper
voltage increased, the statistical spread in turn-on
decreaned sharply as the iniiial electron density and
field gradient are elevated resulting in more precisely
defined commutation time.

In addition to 1ts input trigper parameters, there
are several other areas where thvratron performance
optimization can take place. Time jitter mav be reduced
significantly by powering the reservoir and filaments
with rvegulated dc power instend of ac power. This
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prevents ac modulation of the initial cathode currents.
Furthiermore, the power supplied to the reservoir and
filaments may be varied to optimize rise time (T,) and
delayv time (Td). Figure 9 shows the changes in T, and
Tgq for various filament and reservoir vcltages. These
curves show that for minimum Ty and T4, the HY-B fila-
ment and reservoir should be run at their rated maximum
(5.8 V). A large reduction in Tyq was achieved by sup-
plvinz the auxiliary grid (Gy) of the HY-8 with a posi-
tive blas. The auxiliary grid current neavily ionizes
the hvdrogen in the immediate vwicinity of the cathode.
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This means that the initial ¢Jlectron densfty ix well
defined and far in excess of statistical background

levelr (when Icl = 0).7 Figure 10 nlows Tg va G current,

Th: graph shows that above 30 mA of G current, there is
little fsprovement in Ty: however, at this poiut, it
should be noted that further increases in Gy current can
have a deleterious effect on the thyratron's hold-off
crpability, The same is true for exceasive voltage
applied to the reservoir. The loax in hold-off capabi-
lity may e somewhat overcome by supplying G, with a
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negative bias, With the exception of the energy storagc
capacitors and circuit lavout geom.trv, the only other
limits are proviced by the physical design of the thvra-
tron itself. Based on the above data and design cri-
terion, a high-pressure version of the HY-8 was ordered.
Clnse interactions with the thyratron manufacturer after
initial testing prcduced the present generation of
switch tube--the HY-B0Q!. The jitter distribution for
the MTG using the HY-8001 is shown in Fig. 1).
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Thyristor Thyratvon Tripger

The thyratron trigger system wan developed tc meet
or exceed all thyratron trigger requirementa previously
mentiored. Fipure ) shows a scliematic diagrem of the
thyristor-ewitch thyratron trigger. The circuit was
denignod tooperate on a 10 ns rime time positive input
pulee (0.8 V) into a 50-0 load, thus making the syvstem
compatible with several typea of digital logic such as
NIM and TTL,



A positive pulse is applied to J; and triggers the
1M261 voltage comparator. The threshold level may be
changed by varving the setting of R,qg. The LM26]1 output
is a fast-rising pcsitive pulse which is applied to the
input of a LMOOO2 current driver. The cutput of the
LMO002 is of sufficient power to drive the power tran-
sistor Q) into heavy conduction. This provides a fast
current pulse simultaneously to the gate leads of thy-
ristors CR16 through 21. Since the rise time of this
gate pulse is fast (<10 ns) in relation tc the delay
time of the thyristor stack and the peak voltage level
is far in excess of minimum trigper level, all six
devices commutate virtually simultaneously. The trig-
gering sequence of tnvristors 15 through 1 is via a con-
siderably diflerent mode. When the resistance of the
first 6 units collapses, a voltage change is impressed
on each of the remaining 15, limited in time only by
loop inducztance and strav capacitance. This voltage
change (dv/dt) is 600 V in 0.015 us corresponding to a
dv/dt of 40 kV/us. T[his means that each of the remain-
ing 15 units, with a dVv/dt rating of 30 V/us anode to
cathode wi{ll rapidly commutate. The net result of this
circuit configuration is that all 21 thvristors commu-
tate within the delay time of a single device, with
current rise time limited onlv bv loop inductance, strav
capacirance, and device capability. The impedance of
the pulser 1s controlled by the electrical size of the
energy storage capacitors and by the loop inductance.
For minimum rise time, loop inductance was reduced to
the lowest level possible and at the same time, consis-
tent with all other design criteria. The output
appeéars across the 310-0 resistor, Ryy. Figure 4
{llustrates the output wave form.

Fnergyv Storage Svstem

The energy storage capacitors and current loop
shown in Fig. 12 are conceptually straightforward in
geometry. The choice of this design was based on the
similarity in output drive requirements of both the
thyratron driver and the master trigger generator that
is to drive a time-varving load, i.e., a thyratron or
a triggered spark gap. The selection of capacitois for
energy storage systems which have high output cucrents,
fast rise times, and high reliability is a nontrivial
matter. As increasing demands on the current rise
times and peak currents are made on energV storage sys-
tems, capacitors of specialized construction become a
necessfty., Capacitors with a low equivalent series
iaductance and low equivalent series resistance are
required.

Shot 1ife, a term denoting the number of discharge
cycles becomes a vital pirameter with regard to relias-
bility. Operating temperatures and cooling apparatus
become an integral part of ~he electrical design at
high power and/or high repetition ratas. All of these
constraints make capacitor selection a complex process
with the above in mind. The capacitors that were
selected for the MTG are 0,03 uF at S kV with an induc-
tance of =10 nH and an ESR of "4 (1. Thev have an approx-
imate shot 1ife of 1 x 107 (>99% confidence level:,
Figure 12 shows their physical placement. Forced air
cooling is used to cool both the thyratron and the
reuintor-capacitor networks.
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COLLECTOR

CAPACITOR
COLLECTOR
RING
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Fig. 12

Circuit Lavout Geometrv

In all systems where fast nulses are processed,
circuit layout can be and often is as critical as com-
ponent selection and circuit design. The loop length
for the HY-8 (as shown in Fig. 12), was reduced as much
as was posgsible consistent with component size and
cooling requirements. The approximate loop length in

Fig. 12 is 10 in hes giving an approximate loop 1n-
ductance of 300 nH/loop.

A reduction of 50% in loop length will yield =30!
reduction in T, provided that the svstem is not limited
by the switching device itself. The effective sveten
inductance can be reduced in two wavs: One method is
to provide multiple parallel current paths, in effect
paralleling inductances. In a tightly coupled svster
symmetric and opposite current paths, both of these can
lead to significant improvements in pulse rise time.

In Fig. 12, the anode collector is a two-sided printed
circuit board that also provides the anode-to-capacitor
interface. The two current paths on the board are iso-
lated from one another until point of contact. This
technique provided a factor of 2 increase in surface
conductivity and 30X reduction in inductance.

This method was also
capacitor collector ring
addition, the capacitors
arranged around the HY-8

used in the design of the

and the cathode collector. In
and discharge loops are

in the form of a folded spoked
wheel. This arrsngement along with the parallel cur-
rent paths and the tight coupling of the circuit ele-
ment® reduced loop inductarce in the HY-8 atage of the
MTG to under 30 nH.

Symmetry is an important aspect of the circuit geo-
metry in that each inductive loop (Fig., 12) has an
exact opposite much that the magnetic fields, which are
set up during the pulse in the loopr, tend to cancel
one another. There are two benefits from this lavout
arrangement, One is reduced electromagnetic radiation
and the other on effcctive reduction in loop inductance.
Figure 3 shows the overall mchematic of the MTG. The
output of MIG (based on the HY-BOO!l) has a peak current
of 6000 A with a rise time of 18 ns. This means that
the di/de 48 3 x 10'' A/S. The peak output voltage is
5 kV, and aystem delav 4s 125 ns with a total svstem
Jiteer of v 224 pu,



Conclusion

Several areas of thyratron performance have been
assessed, including trigger source criterion, thyratron

operating parameters, and geometrical effects. As a

necessary part of the development of an ultra-low jitter
trigger system, thyratron trigger source design para-

meters have been established with regard to output

impedance, rise time, jitter, delay time, and voltage

level., Thyratron operating parameters, i.e., grid,
current, bias levels, filament, and reservoir power
for the HY-8, have been accurately determined and a

high-pressure version of the HY-8001 has been developed.
Component layout has been shown to be of vital impor-
The present system (MIG) has demonstrated it-
self to be both versatile and extremely reliable, with
awhot life far in excess of 107 shots and reliability

tance.

rating of 99.2% over its operating history. At pre-
sent, a low-inductance version of the HY-8001 is in

process and could reduce current rise time by as much

as %0%. This will provide a di/dt of =5 x 10'! A/S.
There remain areas for further development, particu-
larly in reducing rise time and delay times even
further,
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